Introduction
A number of substances in addition to tobacco are inhaled for recreational use, including marijuana, crack cocaine, heroin, methamphetamine and phencyclidine. Of these, marijuana is the most commonly smoked substance, second only to tobacco. In the U.S., for example, among high school seniors, 21.2% admit to smoking marijuana within the previous month, compared to 24.4% for tobacco, while 6.0% state that they smoke marijuana daily, compared to 14.6% who smoke tobacco every day [1] . Marijuana smoke is composed of qualitatively the same ingredients that are present in tobacco smoke (e.g., carbon monoxide, cyanide, acrolein, benzene, vinyl chlorides, aldehydes, phenols, nitrosamines, reactive oxygen species, and a variety of polycyclic aromatic hydrocarbons [2, 3] , with the major exceptions of the unique presence of ∆ 9 -tetrahydrocannabinol (THC) and approximately 60 other cannabinoids only in marijuana [2, 3] and of nicotine only in tobacco. In view of this similarity in the chemical contents of the smoke from both substances, it might be expected that habitual inhalation of the smoke of marijuana might have injurious effects on the lung that are at least qualitatively similar to those resulting from regular tobacco smoking. Such tobacco-related pulmonary consequences are well-documented and include chronic obstructive pulmonary disease, bronchogenic carcinoma and an increased predisposition to lower respiratory tract infection. This report will review the evidence that addresses the question whether habitual smoking of marijuana can lead to long-term pulmonary effects similar to those of tobacco.
Comparative acute effects of marijuana and tobacco on lung function
Unlike tobacco, which causes modest, transient reflex-mediated bronchoconstriction, smoked marijuana causes acute bronchodilation both in healthy individuals [4] and asthmatic subjects [5] and rapidly reverses both exercise-and methacholine-induced bronchoconstriction in subjects with asthma [6] . The bronchodilator effect of marijuana is dependent on the concentration of ∆ 9 -tetrahydrocannabinol (THC) and can be reproduced with oral THC in a dose-dependent manner [4] . The mechanism of THC-induced bronchodilation appears to be due to inhibition of acetylcholine release from efferent post-ganglionic nerve fibers that innervate airway smooth muscle, by analogy with the relaxant effect of THC on guinea pig ileum and inhibition by THC of salivary gland secretion in dogs [7] [8] [9] . Recently, cannabinoid type 1 (CB1) receptors (that mediate In many societies, marijuana is the second most commonly smoked substance after tobacco. While ∆ 9 -tetrahydrocannabinol (THC) is unique to marijuana and nicotine to tobacco, the smoke of marijuana, like that of tobacco, consists of a toxic mixture of gases and particulates, many of which are known to be harmful to the lung. Although far fewer marijuana than tobacco cigarettes are generally smoked on a daily basis, the pulmonary consequences of marijuana smoking may be magnified by the greater deposition of smoke particulates in the lung due to the differing manner in which marijuana is smoked. Whereas THC causes modest short-term bronchodilation, regular marijuana smoking produces a number of long-term pulmonary consequences, including chronic cough and sputum, histopathologic evidence of widespread airway inflammation and injury and immunohistochemical evidence of dysregulated growth of respiratory epithelial cells, that may be precursors to lung cancer. The THC in marijuana could contribute to some of these injurious changes through its ability to augment oxidative stress, cause mitochondrial dysfunction, and inhibit apoptosis. On the other hand, physiologic, clinical or epidemiologic evidence that marijuana smoking may lead to chronic obstructive pulmonary disease or respiratory cancer is limited and inconsistent. Habitual use of marijuana is also associated with abnormalities in the structure and function of alveolar macrophages, including impairment in microbial phagocytosis and killing that is associated with defective production of immunostimulatory cytokines and nitric oxide, thereby potentially predisposing to pulmonary infection. In view of the growing interest in medicinal marijuana, further epidemiologic studies are needed to clarify the true risks of regular marijuana smoking on respiratory health. Monaldi Arch Chest Dis 2005; 63: 2, 93-100.
the neural effects of THC) were found on axon terminals of post-ganglionic parasympathetic nerve fibers in rat lung in close proximity to airway smooth muscle [10] . Stimulation of similar receptors in the guinea pig airway by the endogenous cannabinoid, anandamide, resulted in dose-dependent relaxation of capsaicin-contracted airway smooth muscle, suggesting that the endogenous cannabinoid system may play a regulatory role in the control of airway smooth muscle tone and providing an explanation for the bronchodilator effect of exogenous THC.
From a clinical perspective, on the other hand, smoking marijuana does not have a therapeutic role in obstructive airways diseases such as asthma since, despite its short-term bronchodilator properties, the long-term pulmonary consequences of marijuana smoking include several undesirable features, such as airway inflammation, edema and mucus hypersecretion, as described below.
Long-term effects of habitual marijuana smoking

Effects on respiratory symptoms
Respiratory symptoms were assessed using a standardized respiratory questionnaire [11] administered to a convenience sample of residents of Los Angeles, including 144 heavy, habitual smokers of marijuana only (MS), 135 regular smokers of both marijuana and tobacco (MTS), 97 control nonsmokers (NS) and 79 smokers of tobacco only (TS). On average, MS had smoked ~3-4 marijuana cigarettes ("joints") per day for >10 years, while TS had smoked >20 tobacco cigarettes per day for >10 years. Of these subjects, 18-19% of MS admitted to chronic cough and sputum production, compared to 2-5% of NS, 24% of MS experienced wheeze on ≥21 days a year compared to 7% of NS, and 13% of MS but only 2% of NS had ≥2 episodes of acute bronchitis within the preceding 3 years [11] . The differences in occurrence of these respiratory symptoms between MS and NS was statistically significant (p<0.05). While TS and MTS had a slightly higher prevalence than MS of similar symptoms, differences from MS were not statistically significant. These findings indicate that regular smoking of marijuana, even in the absence of tobacco, can lead to chronic bronchitis and a tendency to acute bronchitic episodes to an extent that is comparable to the effect of tobacco smoking; on the other hand, additive effects of marijuana and tobacco on chronic and acute respiratory symptoms were not apparent. Similar findings have been reported by other investigators in a randomly stratified population-based cohort in Tucson, Arizona [12] and a birth cohort in Dunedin, New Zealand [13] , except that an additive effect of marijuana and tobacco was noted in the Arizona study [12] .
Effect on lung function
Three groups of investigators have systematically examined lung function, both cross-sectionally and longitudinally, in well-characterized cohorts of habitual marijuana smokers and control nonsmokers of marijuana, controlling for the effects of tobacco [11] [12] [13] [14] [15] [16] . In the Los Angeles cohort, most physiologic tests, including spirometry, as well as closing volume and density-dependence of flow indices (sensitive measures of small airways function) and diffusing capacity (a sensitive but nonspecific physiologic indicator of emphysema), were within normal limits and not different from the results in nonsmokers; the only exception was a slight but statistically significant increase in plethysmographically measured airway resistance in the MS, suggesting an impact of marijuana smoking on the large airways [11] . In addition, among MS, the annual rate of change in forced expired volume in 1 sec (FEV 1 ) measured over 8 years was not significantly different from that of NS [14] . In contrast, TS exhibited significant decrements compared to control NS in tests of small airways function cross-sectionally, as well as a significantly greater annual rate of decline in FEV 1 than NS [14] . These findings suggest that heavy, habitual smoking of marijuana, in the absence of tobacco, does not produce the early or progressive physiologic changes that precede the clinical development of chronic obstructive pulmonary disease (COPD). These results are also consistent with findings in rats involving exposure to increasing concentrations of marijuana or tobacco smoke over one year that led to morphologic and physiologic changes of emphysema (decreased alveolar surface area and reduced lung elastic recoil) only in the tobacco-exposed rats but not in the animals exposed to a similar quantity of marijuana [17] .
On the other hand, two other studies involving the cohorts from Tucson and Dunedin revealed evidence of mild airflow obstruction in association with marijuana use [12, 13] . Moreover, in both of these cohorts the airflow obstruction progressed over time in the continuing marijuana users [15, 16] . In contrast to the Los Angeles study, therefore, these two reports suggest that regular use of marijuana may be a risk factor for the subsequent development of COPD. Further research is required to resolve these conflicting findings.
Effects on visual evidence of airway injury and bronchial mucosal histopathology
A subset of MS, MTS, TS and NS from the Los Angeles cohort underwent fiberoptic bronchoscopy, including videotaping of the tracheobronchial mucosa and/or performance of a series of mucosal biopsies [18] . The videotapes were blindly scored for the presence and degree of airway injury using a semiquantitative scoring system for mucosal erythema, swelling and increased secretions ("bronchitis index"). Visual evidence of airway injury of comparable degree was noted in both the MS and the TS with scores significantly higher than in control NS [18] . Mucosal biopsies from these same subjects revealed histopathologic abnormalities corresponding to the visual endoscopic changes of erythema, edema and increased secretions, including increased number and size of submucosal blood vessels, submucosal edema and hyperplasia of the mucus-secreting surface epithelial cells (goblet cells).
Light microscopy of bronchial mucosal biopsies in 40 MS, 31 TS, 44 MTS and 53 NS [19] revealed extensive histopathologic alterations in the epithelium of the MS, including goblet cell hyperplasia, reserve cell hyperplasia, squamous metaplasia, cellular disorganization, nuclear atypia, increased mitotic index, increased nuclear/cytoplasmic ratio and inflammatory changes. The frequency of these abnormalities in the MS was comparable to that noted in the TS, with the suggestion of additive changes due to regular use of both substances in the MTS. Some of these histopathologic changes have been associated with the subsequent development of bronchogenic carcinoma in tobacco smokers [20] .
Bronchial biopsies from 52 of these subjects were examined using immunohistology to detect abnormal expression of genes involved in the pathogenesis of lung cancer, including epidermal growth factor receptor (EGFR), increased expression of which can promote autonomous cell growth, and Ki-67, a nuclear proliferation protein involved in cell replication [21] . Findings revealed striking overexpression of EGFR and Ki-67 in MS compared to NS, numerically even greater expression in MS than TS and the suggestion of additive effects in MTS. The light microscopic and immunohistochemical findings, when considered together, suggest that regular marijuana smoking injures the airway epithelium leading to dysregulation of bronchial epithelial cell growth and potentially to malignant transformation.
The similarity between the frequency, type and extent of the endoscopic and histopathologic evidence of injury in the large central airways of the smokers of marijuana alone and those of tobacco alone contrasts strikingly with the marked difference in the number of cigarettes smoked for the two types of substances (approximately 3-4 joints per day in the MS versus 22 tobacco cigarettes per day in the TS). This disparity could be due partly to the four-fold greater quantity of marijuana smoke particulates (tar) deposited in the respiratory tract compared to the deposition of tar generated from the same amount of smoked tobacco, thereby likely magnifying the impact of smoked marijuana on the lung. This difference in respiratory deposition of marijuana vs. tobacco tar has been attributed to differences in the way the two plant substances are smoked (e.g., four-fold longer breathholding time during marijuana than tobacco smoking) [22, 23] . A possible additional explanation for the similar impact of much smaller smoked quantities of daily marijuana than tobacco on respiratory symptoms and bronchial mucosal histopathology is that the THC and other cannabinoids unique to marijuana smoke might themselves have toxic effects that serve as an independent contributing factor to the changes observed in the large central airways. On the other hand, although possible structural changes in the distal lung could not be assessed bronchoscopically, results of the physiologic studies noted above suggest markedly different effects of tobacco and marijuana, i.e., evidence of small airways dysfunction and gas transfer abnormality in relation to tobacco and the absence of any similar abnormality in relation to marijuana. The reasons for these two different types of disparate effects of the two different plant substances on large airways vs. the distal lung are unclear but point to the possibility of contrasting effects of THC (and possibly other cannabinoids) on the biology of the epithelial cells in large vs. small airways that warrants further study.
Effects on alveolar macrophages
Alveolar macrophages (AM) are the primary immune cells residing in the distal air spaces of the lung and serve a critical role in host defense against infection, other noxious insults and malignancy. AM, recovered by bronchoalveolar lavage (BAL) at the time of bronchoscopy in participants in the Los Angeles study, were enumerated and examined for structural and functional changes [24] . Approximately 2, 3 and 4 times as many AM were recovered from MS, TS and MTS, respectively, than from NS, indicating an additive effect of marijuana and tobacco on AM accumulation [24] . The accumulation of AM in the lungs of MS probably represents an inflammatory response to noxious components, including oxyradicals, within the smoke, resulting in either increased AM recruitment to and/or increased replication in the lung. On ultrastructural examination, AM from MS as well as TS revealed large irregular-shaped cytoplasmic inclusions, most likely containing particulates taken up by these cells from the inhaled marijuana or tobacco tar; the number of these inclusions was dramatically increased in smokers of both marijuana and tobacco [25] . The presence of large numbers of abnormal inclusion bodies within the cytoplasm of AM from smokers of marijuana and/or tobacco might interfere with the function of these important immune effector cells.
Several aspects of the function of AM recovered from the aforementioned nonsmokers and smokers or marijuana and/or tobacco were evaluated: 1) phagocytic and killing activity against fungi and bacteria; 2) production of reactive oxygen and nitrogen intermediates during incubation with fungi or bacteria; 3) ability to produce proinflammatory cytokines when stimulated; and 4) cytotoxic activity against tumor cell targets. Significant findings from these studies of AM function may be summarized as follows:
• Impairment in fungicidal activity against Candida albicans and Candida tropicalis when AM from both MS and TS were compared to AM from control NS [26, 27] ; • Impairment in phagocytosis and bactericidal activity against S. aureus by AM from MS but not TS [27] ; • Reduction in basal superoxide production by AM from MS (contrasting with an increase in basal superoxide generation by AM from TS) [26] ;
• Impairment in generation of nitric oxide by AM from MS (but not TS), paralleling their impairment in bactericidal activity [28] ; • Reduction in generation of proinflammatory cytokines, including TNF-alpha (TNF-α) and granulocyte macrophage-colony stimulating factor (GM-CSF), by AM from MS when stimulated with bacterial lipopolysaccharide [27] ; and • Impairment in tumoricidal activity by AM from MS [27] . It is likely that THC, which is present only in the tar from marijuana smoke, is responsible for the functional differences noted between AM from MS vs. TS. One of the important clinical implications of the striking impairment in the function of AM from MS, particularly with regard to microbicidal activity, is that habitual smokers of marijuana may be at greater than normal risk for development of pneumonia. This possibility has been suggested by the results of a few epidemiologic studies (see below)
The defect in the bactericidal activity of AMs from MS appears to be due to THC-related impairment in production of nitric oxide, a reactive nitrogen intermediate that serves as an important effector molecule in bacterial killing. This hypothesis is supported by the finding that inhibition of nitric oxide synthase impairs killing of S. aureus by AMs from nonsmokers and tobacco smokers, but not by AMs from marijuana-only smokers [27] . More recent data have shown an inhibition of production of inducible nitric oxide synthase (iN-OS) by AMs from marijuana smokers under conditions of the S. aureus killing assay that was restored by the addition of pro-inflammatory cytokines (e.g., INFγ and GM-CSF) [28] ; under the latter conditions, NO production and killing could be inhibited in the presence of an iNOS inhibitor, as shown with AMs from nonsmokers in bacterial culture [27, 28] . These findings suggest that the impairment in the bactericidal activity of AMs from marijuana smokers might be due to marijuana-related inhibition of microbially-stimulated production of key pro-inflammatory cytokines that are needed, in turn, to induce iNOS. This hypothesis is further supported by other findings indicating that lipopolysaccharide-stimulated production of TNF-α, IL-6 and GM-CSF is inhibited by AMs from MS but not from TS [27] .
Clinical implications of marijuana-related impairment in alveolar macrophage function
The clinical implications of the above findings are that regular marijuana smoking may compromise the lung's defense against infection by impairing the crucially important antimicrobial function of alveolar macrophages through inhibition of the production of pro-inflammatory cytokines that are required for immune activation. This possibility is supported by previous case reports of invasive Aspergillus pneumonia in immunocompromised patients with AIDS [29] , chronic granulomatous disease [30] , bone marrow transplantation [31] , renal transplantation [32] or small cell lung cancer treated with chemotherapy [33] , all of whom smoked marijuana. On the other hand, these cases of invasive pulmonary aspergillosis could be due primarily to the immune compromise from their underlying disease and/or the fact that marijuana is frequently contaminated with Aspergillus fumigatus [34] , although a superimposed THC-related impairment of pulmonary host defenses could be an important additive factor predisposing to opportunistic infection. Marijuana has also been shown to be contaminated with potentially pathogenic gram-negative bacteria [35] that could similarly lead to pneumonia, especially in the setting of a compromised immune system.
As additional evidence of a link between regular marijuana use and infectious complications in immunocompromised patients, a few older epidemiologic studies have identified marijuana as a significant independent risk factor for the development of opportunistic pulmonary infection in HIV+ individuals [36] [37] [38] . In view of the increasing interest in medicinal marijuana, the possibility that marijuana smoking may predispose HIV+ patients to pneumonia requires further investigation by more rigorous epidemiologic studies.
Does marijuana smoking predispose to respiratory cancer?
Smoke contents of marijuana; cellular, tissue, and human studies
That marijuana smoking may be a risk factor for respiratory cancer is suggested by the chemical composition of marijuana smoke, as well as by evidence from cellular, tissue, animal and human studies.
First, marijuana smoke contains several of the same carcinogens and co-carcinogens as tobacco smoke, including vinyl chorides, phenols, nitrosamines, reactive oxygen species and various polycyclic aromatic hydrocarbons (PAHs) [3] . Furthermore, benzo[α]pyrene, a highly procarcinogenic PAH, is present in marijuana tar at a higher concentration than in tobacco tar [2, 3] .
Second, because of differences in the manner in which marijuana and tobacco are smoked, ~4-fold more of the tar from marijuana smoke than that from tobacco is deposited in the respiratory tract [22] , thereby magnifying the level of exposure to carcinogens from each marijuana cigarette.
Third, hamster lung explants exposed to marijuana smoke for ≤ 2 years developed abnormal cell growth and accelerated malignant transformation, changes that were even more prominent than those noted in explants exposed to tobacco [39] .
Fourth, bronchial biopsies from heavy, habitual smokers of marijuana alone showed 1) light microscopic changes of epithelial hyperplasia, metaplasia and nuclear atypia that have been associated with the subsequent development of bronchogenic carcinoma in tobacco smokers [19, 20] and 2) immunohistochemical overexpression of Ki-67 (a proliferation marker), EGFR (epidermal growth factor receptor) and DNA ploidy (a marker of genetic instability), consistent with dysregulated growth and pre-tumor progression [21] .
Fifth, in vitro exposure of endothelial cells (ECV 304 cell line), transformed lung cells (A549 cell line) and primary human airway epithelial cells to smoke from marijuana cigarettes stimulated the formation of more reactive oxygen species (ROS) than did exposure to the same amount of tobacco smoke and in direct proportion to the concentration of THC, indicating that marijuana smoke is a potent source of oxidative stress that could lead to cell injury, DNA damage and ultimately malignant transformation [40] [41] [42] [43] [44] .
Sixth, exposure of pulmonary transformed A549 cells to tar extract from marijuana cigarettes or to pure THC is associated with a toxic effect on mitochondial electron transport, resulting in adenosine triphosphate (ATP) depletion [44] ; the resulting mitochondrial function dysfunction could lead to inhibition of apoptosis, as has also been demonstrated following exposure of A549 cells to marijuana smoke extract [41] , which, in turn, could play a role in carcinogenesis.
Animal studies
Non-small cell lung cancer cell lines implanted into immunocompetent mice displayed accelerated growth in the animals given THC intraperitoneally compared to control animals given vehicle alone [45] . Tissue assays from the tumors and spleens resected from THC-treated mice showed over-production of immunosuppressive cytokines (IL-10 and TGF-β) and underproduction of immunostimulatory cytokines (IL-2 and INF-γ) compared to control mice. The latter findings are consistent with a biasing effect of THC on T helper cell-type 1/T helper cell-type 2 (Th1/Th2) balance toward Th2 cells, as has been suggested by the results of other studies [46] [47] [48] . The augmentation of tumor cell growth by THC was blocked by co-administration of a selective antagonist against CB2 receptors (which are expressed primarily on immune cells). Thus, THC accelerates tumor growth in vivo by a cytokine-dependent and CB2 receptor-mediated mechanism that impairs the development of anti-tumor immunity.
Clinical case series
That marijuana may be a risk factor for respiratory cancer is further suggested by several small case series that reported an unusually high proportion of marijuana smokers among young individuals (< age 40-45 years) in whom upper aerodigestive tract cancers [49] [50] [51] [52] or lung cancer [53] were diagnosed. However, case series do not provide strong evidence of a causal association since they are uncontrolled, indicating the need for well-designed epidemiologic studies.
Epidemiological studies
A few controlled epidemiological studies have addressed this issue with conflicting results. A large retrospectively analyzed cohort study of 65,000 subscribers to a Northern California health maintenance organization failed to find an elevated risk for tobacco-related malignancy, including lung and upper airway cancer, among ever or current marijuana smokers, after adjustment for tobacco smoking [54] . Weaknesses of this study included the relatively young age of the participants at the end of follow-up period and inclusion of few long-term or heavy marijuana smokers [54] .
Two case-control studies that examined cannabis use as a possible risk factor for lung cancer were conducted in North Africa [55, 56] . A Tunisian study, including 110 lung cancer cases and 110 controls, reported a markedly elevated OR for ever use of cannabis (OR=8.2, 95%CI=1.3-15.5) [55] . Although cannabis is believed to be used in relatively large amounts in this region, unfortunately dose-response relationships were not assessed in this study. A second lung cancer casecontrol study, conducted in Northern Morocco, assessed the association between lung cancer and the use of hashish and kiff (a powdery preparation from the dried flowers of the female Cannabis sativa plant mixed with tobacco), with or without snuff [56] . Results of this study, which included 118 lung cancer cases and 235 controls, indicated that the combined use of hashish/kiff and snuff was associated with a 6.67-fold greater risk [95% C.I. 33-3.47] ). Since kiff includes tobacco, the independent effect of cannabis cannot be assessed in this study.
Three case-control studies on marijuana smoking and risk of upper airway cancer have been published [57] [58] [59] . The first of these studies was a hospital-based U.S. study that included 173 head and neck cancer cases and 176 controls; the authors found that a history of daily or near-daily marijuana smoking was associated with a 2.6-fold greater risk [95% C.I. 1.1-6.6] for developing head and neck cancer, after adjusting for other known risk factors, including tobacco smoking and alcohol use [57] . Furthermore, a dose-response relationship was found, and an even higher risk of marijuana smoking for the development of cancer was noted among younger individuals (< age 55 years). In contrast, a Washington State population-based case-control study of 407 cases of squamous cell cancer and carcinoma in situ of the oral cavity and 615 controls reported no association with marijuana use (OR = 0.9, C.I. 0.6-1.3) and no dose-response trends for frequency or duration of marijuana use [58] . A third head and neck cancer casecontrol study among young individuals (≤ 45 years) in the UK, including 116 cases of squamous cell cancer of the oral cavity and 207 matched controls, failed to find an association between cannabis use and oral cancer [59] . In the latter study, however, estimated risks associated with known major risk factors, namely tobacco and alcohol, were low, suggesting that the study may have lacked sensitivity for detecting marijuana as a potential risk factor for oral cancer.
Limitations of the above-cited epidemiologic studies include possible underreporting in countries where marijuana use is illegal, small sample size, sampling bias and failure to capture heavy or long-term marijuana users in the study population. Consequently, further well-designed, large-scale epidemiological studies that include a detailed assessment of marijuana exposure (frequency, duration and amount used) and that adjust adequately for tobacco smoking and other known risk factors are required to more definitively answer the question whether smoking of marijuana is or is not associated with an increased risk of respiratory cancer. The answer to this question is important for weighing the benefits and risks of medicinal marijuana use and clarifying the public health message regarding marijuana use.
Pulmonary barotrauma and bullous lung disease
A number of cases of spontaneous pneumothorax and/or pneumomediatinum associated with marijuana smoking have been reported [60] [61] [62] [63] [64] [65] [66] [67] . The mechanism of this association is believed to be due to the repeated performance of prolonged Valsalva maneuvers during breathholding following deep inhalation of the smoke. These maneuvers could lead to barotrauma with rupture of subpleural blebs or alveoli and dissection of air around the vessels and bronchi to the pleural space or mediastinum. Alternatively, successive deep inhalations through a smoking apparatus with a high airflow resistance equivalent to Muller's maneuver could have a similar effect [64, 67] as a result of extreme negative intrathoracic pressure and high transmural pressure gradients inducing barotrauma.
Multiple large peripheral apical lung bullae have been observed in four young (27-46 years) male habitual marijuana smokers (2 joints to several pipefuls of marijuana per day), with little evidence on high resolution CT images of obvious parenchymal disease elsewhere in the lung [68] . Significant airflow obstruction was present in one of these cases and moderate reductions in gas transfer in two. A similarly uncommon form of bullous lung disease has been noted in young male tobacco smokers [69] . However, three of the four cases had smoked relatively little tobacco (3-7 pack-years or 2-5 cigars/day), suggesting that their habitual marijuana smoking may have played a role in the pathogenesis of their bullous lung disease.
Conclusions
The smoke from marijuana, the second most commonly smoked substance after tobacco, contains, in addition to THC, a large number of toxic gases and particulates (including high concentrations of procarcinogenic polycyclic aromatic hydrocarbons) that are capable of causing lung injury and potentially respiratory malignancy. Whereas THC produces short-term bronchodilation by relaxing airway smooth muscle, heavy habitual use of marijuana is associated with a number of adverse pulmonary consequences (table 1) . These include 1) symptoms of acute and chronic bronchitis, 2) conflicting findings concerning the presence or absence of mild, progressive airflow obstruction, 3) endoscopic and microscopic evidence of airway wall edema, vascular congestion and increased mucous secretion, 4) extensive histopathologic and immunohistochemical evidence of damage and dysregulated growth of the tracheobronchial epithelium, and 5) accumulation of increased numbers of alveolar macrophages that demonstrate impaired antimicrobial and tumoricidal function and impaired ability to generate immunostimulatory cytokines and inducible nitric oxide synthase and nitric oxide, an important effector molecule in microbial killing. These features raise concern that marijuana smoking may be a risk factor 1) for opportunistic infection, especially in already immunocompromised patients due to AIDS, organ transplanatation or cancer chemotherapy, and 2) for upper and lower respiratory tract cancer. Additional, large-scale epidemiologic studies are required to address these concerns. • Increased prevalence of acute and chronic bronchitis [11] [12] [13] • Conflicting evidence for and against mild, progressive airflow obstruction [11] [12] [13] [14] [15] [16] • Visual endoscopic evidence of airway injury (mucosal erythema, edema and increased secretions) [18] • Microscopic alterations in tracheobronchial epithelium and subepithelium (squamous metaplasia, reserve cell hyperplasia, goblet cell hyperplasia, loss of ciliated epithelium, basement membrane thickening, epithelial inflammation, cellular disorganization, increased nuclear to cytoplasmic ratio) [19] • Overexpression of molecular markers of pre-tumor progression (epidermal growth factor receptor, Ki-67) in tracheobronchial epithelial cells [21] • Increased numbers of alveolar macrophages recovered by bronchoalveolar lavage [24] • Impairment in alveolar macrophage microbicidal and tumoricidal activity [26, 27] • Impairment in stimulated alveolar macrophage production of proinflammatory cytokines [27] and expression of inducible nitric oxide synthase [28] • Older epidemiologic evidence of an association between marijuana smoking and the development of opportunistic pulmonary infection in HIV+ individuals [36] [37] [38] • Conflicting epidemiologic evidcnce for [55, 56] or against [54] an association of marijuana use with lung cancer • Conflicting epidemiologic evidence for [57] or against [58, 59] an association of marijuana use with head and neck cancer
